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An impulse radio communications system using one 
or more subcarrier* to communicate information from an 
impulse radio transmitter (901) to an impulse radio receiver 
(1400). The use of subcarriers provides impulse radio trans- 
missions added channelization, smoothing and fidelity. Sub- 
carriers of different frequencies or waveforms can be used 
to add channelization of impulse radio signals. The impulse 
radio uses modulated subcarrier(s) for time positioning a 
periodic timing signal or a coded timing signal. Alterna- 
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the modulated 8ubcarrier(s) and the resultant signal is used 
to time modulate the periodic tuning signal. Direct digital 
modulation of data is another form of subcarrier modulation 
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used alone to time modulate the periodic timing signal or 
the direct digitally modulated periodic timing signal can be 
further modulated with one or more modulated subcarrier 
signals. 
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II. 9 ^VW^V^So £tHH$& 



(38) 
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*>i^y#x3oo, ooo, ooo m /#) c (17#e & r^i 

1 p< tf^/io*^©^©*^, ^/jj 300n 600 ^ 9 0 o * - 

^/W*25^1^-v^^.^ (grazing path) V> N V^/V* 

in. mtyr©^ 
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in. i sbf^an 

i7 k^v k^w K^-r > • >r • ^v^iiftr— ^T^^te, 
in. 2 i ^■•y ^^/w-eo^— K#afe"e<^es:^ 

t5o *?SKI^5 7 ^HSSS:(RF : radio frequency) HlfeMfSfc o t t> — 

o 

X • <?Z?*\Zj&mt£T:s J r-rtZ, XmftftMWmO 7/3 6 8, 8 3 l-^^ 
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!7-r k • -ov^* -7^- ^t^^^«ft5iffS9 o i k&m 

mi^9 0 5 0 1 ^bSf^9 0 

III. 2. a SH9|§ 

-f • 7i?*$m&<Di8-m&MM^^T, mi o &mmvxmw-fz> 0 
mmm9 o 1 mmz^ ^ >^m-^i o 0 4^t5^ra^ 1002 
sr^-tfo b*m^-* 1002ft t°^#^(Di«v^^-f 5 ^ymmz^-fznjz 
mm&Mm&titcnmm<D\5}&&^te 0 vco ^^ji^^^m^i-s mjEtij^m 

f-tfciEBtMi?-/ h $*l£ 0 mm? 4 5. 0 0 4 = — K . 100 

6 b=— mfflXftK 1-0 0 8^fftj££;h,5 0 

= *- K • y-* 1 0 0 611, it^PNn- K*IB«i-Sfefti:=- KflT^l 0 
lOittPNn-KTOfSfcfc©, • T^-fe* • ^^E-y (RAM 

) > y-R-^y-.^y (rom) #<^fEtt^fi^^ 0 m^^, ft 

6 rajasa*^ ^ 004 £^r^* fc^- Kft 1 o i o&=— h*mm 

^m$*i o o 8\z.mmzitz>z}:&-e%z> 0 ww«w«i oo 8h=-k 

fs#l 0 1 OSrffl^T, JBM*Wfc3fek#j-$tb5^1 0 1 2©ft^/H^7A 
-i?>Jf<Dfctb\zmM?4 ^ 1 0 0 4 Sr^W8-T5„ K^WWEPWS 1 

o o 8(Dtatmn^t^4 $ o 1 4t^n 
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<5o 

W-^it^^ 5: 10 1411 m^tf«H<Dfci6^i?-^>-Y y r^ra 

my—* 1018^ -v-yir-r v rm^^^mm^i o 2 2— mmm-^i 0 
20^^-rso 0 2 on wj*. m^&^-t-^v^/^ 

^itsri^-etSo ^-SHb^-f ^ ^^f-^-i 014 ^i^^^-r y T&rTfim. 

?V * y >- (Dixon) ^^bfci t^tUTtt y T^Mt tt^ 

f-y^-Y y T^^**3 .fct^fflSl 0 2 2 fiflf f&fg # 1 0 2 0 -Cl£|S £ frS^fl 
y 1 0 2 4 3r£j£U ^M1^=*r^ y T«#l 0 2 4W>t 

!)T«I^10 16^t5 o o£!K MHJ-:/^ y 0 2 4 

, ^(Dm&lZ-te. f^b^-Y^y^fff 10 14t*fe5^t!JT^lt5fcfe 

^f-y>-Y y n$figg»£ ioi6 &i&m~rz> 0 v?*-* y TB#rfl^p^ 101 

1 0 2 6 ££/&U itl^tHASl 0 2 8— i£ffi£;ft5 0 
W^Sl 0 2 8 fi, h y # £ LT^^F^bfc^-r 5 ly^m^l 0 2 6 £££ 

, Mi i o 3 2 tTMryft i o 3 o-iffiJti5„ ii^/t 

mmz&^xtt. Qm.m(Dtemmfc9 o s^wv^ • 7 5?tsffi« ( 
b^l-tv^v*) ^e»i-s„ mmmmm^^^x, mm-B-i o 1 2«i7-r k 

% ^/w • /-*/i^<£>;7 y Vi/^J; 9 x^<? So 
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y Tjfil^iSji^fHS T^j 1 0 2 2<Di£fi3§9 0 
. #lfl?F23Efi'KiltPi& (non-linear modulation tranfer function) 5 rlt)Pi$? 

^*3sj:t5aEii«i 0 2 2IMM1 (fm) . ^ipg^gn (am) , fam&m 

. m&%C&&^m (FSK : frequency shift keying) , (PSK 
: phase shift keying) N ^FM, -t^flfcOSWFK: J: 9 1 0 2 0 1? 

^W$tt5 0 sij^mfeM^ssv^-c, i:if^^/^i^t7'>+ y rat 

iWf-^^^r y 7fsf 1 0 2 4 £3§4e-T5 0 y TI^W*P« 10 16 fig 

it^^ft y rut 1024 &tizm Ltf^k^^ ^ >-^<t # ioh ©^/m 
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1 o i AcD^/v^fDitLW^m^y htsfcfctt^tyr^i^i o i 

CO 1 o<Z)Mt^>t y 7^Mt5t^>t y T^^*5 £t/^p|^ 10 2 

2^^-rs-r ^/^^ • ^ v^-^int-rso 3?2£>^-ifcD>pji^ jgi<Dj«§&c 
£ «!gij-e, n 2 cD^v ^ ^ y - h^Mto i ooiE^u-:/^ y t£3§£1-5 
y 7n^j;t;fi^ 1022 sr^-rs-r f-s/w-x • y ^xmm-r 
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K^ ra ^^ i o o 8 i v Tmntuemm ioie* 

aMELT^*. Eli ifcH*LfcJ:3ic, Ifiy^io I8ttm t 57» 
4«i8J:t«lff l 0 2 2-ffl»flr*i o 2 o tw*t«. -y-y>^y 
TM^^Mio 2 2tt^^y T l»nHWH#i 0 1 6^£»H^* 
0 24^f5 o mt!/7«I^i o 1 6f«Mf-^> 
f y 1 0 2 4 Srfi[^ ^Xtm** - 1 0 0 4 *l$ffitttt£|fl L, 

= • y-X 1 0 0 611 ^©fcfe^^^^^^^f^-! o 0 4^f| 

tt=-mm*isi oos^Ktti o i o^ttj^-r-So wiw* 
mi oosiia-Hiffi o i o&m\,*x&m*>c i 40^?, 

(^W^IU fclWWtLfc^S^flrsi 14 2?r|±i^i-6 0 El 10 

^m^bfc^M^i^^o^T% mi 1 im^vfrmmn^tvtz? * 

1 1 4 2 as W^a 1 0 2 8 Klfctt**,*. a 1 0 ^ ©BBJI-CfEfclftW Lfc «t 
fctT5ii©-C***<©*X©«T?*>* 0 Ell 0^1 KiilLtP^Uc 

• 9^*aHt#©Hi o*sj:ueHi i o^n y * Eii mm<Dmm-£*mm 
^^^^^^tfj:<±m<Dmm^^xm^m(Dmm^iaim^ 

2 0 4 «rJPHi-5 0 jQjJ^fl 2 0 2 fia— R^ff-y-:/>^ y Tjf ^-1 2 0 



(45) 



10-508725 



6 k • ^ ^r&m&i 2 o s-m^-rso k • 5: ^agwws 
i 2 o 8h:bii o©=-mm*wi4»i:i^^Yy ri^wtKwi«i o i 6 comm 
zmn-tZo k • ^^missi 2 0 8ii3-Kiit7>ty7fif 
1206 ^rffiv^-cM^^^r 5: 0 0 4&2gmu ^mn^tvtc^ 4 5 

is?m^i 0 2 6^r^^-r^ 0 mi 2 (Dgif^oa 9 <^ ^ ^ mshi 1 okiki 

0 1 0 £ shirrs r ^-efT^.5o -^01 3^s^u-cfe5 0 Mm 2 

0 2fi = — HMf-^-1 0 1 0 ilf^f-^-1 0 2 0 k*$m CbOH) It, flift 

1 3 0 2&&JEfe-*-5 «t 5 tf^UTfcSc => — K • 5 ^^mm^l 2 0 8fi 
, W f 1 3 0 2 ^ffiV^Tjli^^ ^ 1 0 0 4 ^'^1 L s ^m&^-ik 
Lfc*>f 5^^-ft^-l 0 2 6£3S§3rr6o 0 1 3 0^««©«t)©3iW'^>'hf4 

So 

III. 2.b gfg* 

* • 7 v^^ff 2£ 9 0 3 tOV^Ti 1 4 ^#ILti^f5 0 

4 • 7 ^^-SfllS (WT^i^) 1 4 0 0 tt-feJR L-C^fc-T V 

• ^swt-s-i 404 srgflr-*"5fc*©Sfirr^^- 1402 g 

ft bfdf 1 4 0 614, £flT T >"7^ 1 4 0 2 14 1 

0 L-Cf@2*@18t§ 1 4 0 8 ^$tl5o 

^fiisii 400 te^— k • y— * 1410 tm^m^m^— * 1 4 1 4 1> 

-atfo y-^14 1014, fcfflt^xmtim^l 4 0 4&3H§ LfcMig 
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O^J!im«»^/5ymi4 1 6Sr«-r§ 0 4 0 

60#/^|^^ . ^yf^^;> • ^^0»^(derivative)^|g^-r5 0 
81 5 «^H^1 4 0 0 *©BBT«flrL*:fflM§-l 4 0 6Wt5^ 1 
5 0 2 ©ft^Blfc^n - y h ^r^i~ 0 1 5 0 2li, m 3 3 0 2 b m 

mcDrnzttm-tzmm^ (^y^^^.^x) k^-t^ ^302 
bmm(o®.M*^-rz>mm* ; -y-j ? ;v . ^/l^^ftr^-r^-i 4 0 2^ajw 

, l 5 0 2WcKteLfc*J£E£ft3. 

® 1 6 ttffiSffiP^a^^t-o HI 1 6 fct^i^u— hfg 1&0 2©S 

i#Wi8#A t fctevvrsftLfc . . ,svi^) ff^-i 4 

0 6«^f o ft££i 6 0 4f±3giRjR^T?W:*v^S, SHtLfcflr^l 4 0 6 
^By^^fy/^Mf^i 6 0 2f;l^7^ KLt#A t ^BBJIJ 
■e^&tbfeffiBiteSr^^-t-o SffLWl 4 0 6©#A t te^/V* 15 0 2 
irttftUfc^RteWffi-CjfeSriKittJt^s) o Sflrtfcft#1 4 0 6 tft§8 

4 1 8-?f8!5£$ft5o 
U FM\ PSK, FSK, fcWY^x^fot^ t p 7m 
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5 >^mm i4i8it K«a#flt# 1412 u-cjsss^-r 5 ^ 

ff-5§-l 4 1 6«rl$raWl::rau 9*=— KflT#l 4 2 0lr^tS o x^- Kfi 
#1 4 2 Ott^©»PN = - K^^fRBW^— S:-T5©-e. SffL/dft 
1 4 0 6 £*12flM2§ 1 4 0 8 tr^tiiT?# S «t 5 t*5, 
f@2*gM3sl 4 0 8-e^$tL5^t±J^a(4^3>- Kff#l 4 2 0 tg§ b7c 

y wi 4 2 2*4jifet5. ii.A-fe^->3 ^x-m^mmi'tci. 5 fc N fgStlM 
^^mmK^v^x^ ^<—xso k^-§- 1 42211 mtyr • f^—y 1 

4 2 4 -e«P^tL-C^^>-V y T^^*$tt. afflMff «fff# 1 4 2 6 ft 
»Wt«fll# 1 4 2 6 W:2m*Ofl!f«^#i:^«e«jt!:RI— eas>* (01O©1O1 
8Sr#flg) o 

^/^^ Klf-^-1 4 2 2(inw?77^/^ 14 2 8 & £ *L-5o p — 
• y 4JV^ 1 4 2 8 I 4 2 9 fit, =ny— ff-§- 1 4 3 0 

^Ut^t- 7*— XpaESrlPWliprt^l^IBI^— ^ 1 4 1 4K:«#U gffi Ufc 
ff#l 4 0 6 0tft^t6Jii^^ ^^^f-^-1 4 1 6©B#ffiBj#1t<3»t«rtT 

(Ditto-XL**— *'<f KjMIWSr«^i"*r.fcfcJ:5, ^fcv^#JEE«£<ftv^flHHI 

0. 7"^=** hJH^(Nyquest frequency) £ T?« jftft^ i^V^^f 5 , Mx. 

i . 4^ jf/<;u^(Du~ h ^v^s>r • 7 s^a-cn 7--r h 

MII±S7 0 0 kHzt*$)5. r^Jtli, »7 0 0 kHziT*©Wt!) 
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<5o 

FMt^^t v rmmmx-i-i, y^—x • o ^y k • /v— y (p l d iss^c 

£Xf : £<Dm<D&*#>W^ 5o t^3y©/^y hv^ • y^ 
/i/^Sr7x- X -d^F' /i — ^J; 9 bu-CE^JM^JBU 7x- X -ny^K 
• /w-y-efr5^M<£>*-<y h;Hr^5ri:^t#5 0 
III. 3 2 t tll^ ji£l±©t7^ t U 7 • f t 

11711 3o©t7>t!i7iW» (SC GEN/MOD) 17 
0 2, 1 7 0 4, 1 7 0 6 &=fTU 5 1?-y> -Y U r«jftjRSr%"t-*^ 

©HJfe0!l^a£^VNTVN5 o ±t^ J r!I7HWffll 7 2 0 

MAyT^tTfeS) lit^tUmS/SEHSl 0 2 2 

^^"tH^y — ^ (VIS: voice information source) 1 7 0 8lt W, 1 <£>f" 

y^r-v y rfi-*!- (m^-fr-r) <o$m<o-fc.#>. ii 7 2 2gsw>ty7M 

^/tl^ (117-eftSC GEN/MOD £R&fEL-t& 5) 1 7 0 2^ 

£*t5 D Ii©t7*^^yrfim mt!)7i§W«i 7 0 2trt 

17 2 O^OATJt t«^ti5, 

DDS : digital data source) 17 1014, % 2 <D^"f^- Y V Tit -%r<D9£ffl(D 
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tc&m. (*fc«^^) i 7 2 4gfti?i2©ty^t y TiiWM oa i 

7tttSC GEN/MODiP&!ELtfc5) 1 7 04^$ix5 o fft, 
X^^/^iJ^tf^y-^ (CIS) 1 7 1 2 ft, l3 0tyJrtyTjffIl© 
dfcfcfi^*) 1 7 2 6^^ t*l3©t/^t y 7^/I» (11 
7-mSC G E N/MOD b B§-f2 LT$)5) 1 7 0 6^M^Jl5 o I2i^ 

3<di^>^ y rm-^te, mtyrM/Wi 7 0 4 > i 706t-# 

I S 1 7 1 2te-f W^W* • 9^^^f^^J^I'lf#^^-rS 0 
>V--rj >?mm, Xtri?~—V ^?mm. -</Wf-5Hring signal) l££:-^r# 

3oc/)^-y-^>-r y Tlf-^te, 3oc/)ihy^-f y T^^/^P^l 70 2 
s 1 7 0 4, 1 7 0 6i>e>iHl 7 2 8, 1 7 3 0. 1 7 3 2 ^^-ettiT^ £ tb, 

^ms§i 7 i 4^p^$tb5 0 mhfit^m^i 1 1 6iit^ty7«i^ 
i o i 6^m£*K ^^-e^^b^-f ^ v^ff-^-1 o i 4?:iit-ciiff 
{bbfc^-r ? ^^ft-^i 026 ?r^i-^fcfe^^$^s 0 -y-y^-Y y retr^ 
^p^i o i 6frhmt>£rLZ>^mn^kvtc?4 ^ i/ym^-i 0 2 6tt 

J£l 0 2 8— W&Zth. mmvtcX o^-famt^-l 0 1 2 <t LTM^tl^o 

mi 8tmi 9(-m^bi:fc5o ^{Mm, m*-i$mi 7 <Dmtm^hmm £ 
titc 3oc7)-y-y>-v y r • ^-r^/^iip-rsfc&cD^^-^:/ h^^-r 

5o HI 1 8*3«fc ^12] 1 9c7)^f^O»^T-=ar^^^-Yfi|gl 1 4 <DHife#|;£/c 
HI 1 8 ft. ft*tfjftT-?-n ^HWJ-ete. *@21fg§l§s 1 4 0 8 i i*U^< H 
1 4 2 2(i, El 1 4 ^cDMig-emmbfc £ 5 (-> SfSfS^l 4 0 6 s6»fe^$tL 
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fcW o frz??^?- (ftm 1 8 0 2 (^JiifLCltfc 

tt^ K- 3r . (switched capacitor filter)) — X 

^- /Pi/^ 1 8 0 4 f tt 1 o©f7> t y it 
5 Q o£9 N 3o©lteLt, ^^^^$^yt1f#fS^S«7c$tL, OUTP 
U T l ~ 3 xmmx% 5 J: 5 t^5 c 

IH 1 9 tcH^Ufe^^/^JfeMT?^, MSLfc^-^/^ Kff-^l 4 2 
2H7tn^-f?;^^sy g (A/DC) 1 902^V^^/Vj|^ 
&£*13 0 ^^^/Vft^n-feyir (DSP) 1 9 0 4, Mif^f>#fTM 

S 3 2 0C40 { J r*-y-*4i'xy;i'*zs\.#i&^ T*y-*>my?*) -7 

"C, {f-^-1 9 0 3 (Zlre^rr— K^tbfc 3 o^jgij* ©-^^df-^ y 7 tef^J? ;Vffy\z. 
^fH~5 0 ^*/^MLfcti#te^i^/V-T^n^^ (D/AC) 19 

o G^m^xr-ruy^n^m-r^a tMfiir^^^-Tto^Mi 9 
0 e vxT-rn ?Mfci$fr^&&tsn. outputi xmm^miztj; 

-7tn^Mi 9 0 6 A,-TT*?&&<D&T*mm*Smzt3:Z> 
IV. BfW^fiSI 



**wo#a^jfii^^j:tLwr % . 9^2&flr«w:=i- wrasses^ 

(w^tfioos) it^tyTWi^ Mioie) , = 
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h y #{f-§- (w Kflr# ioio ^fcfiM-^^>-¥ y TfS# 1 0 2 

4) ^e^-rStffg^Ufc^oTm-^- (iill^S^^ 5 0 0 4) ^ 

#IBi!]E£*SttltBasfc5. o£9 N ^tf^pi^ (fjitfl 0 0 8, 10 16 
, Jfclil 2 0 8) ttil«E»^«t#^.e>tt5 0 «C«A*fll*«:^r-r55ijaE|S^ 
m^sti-V -B#M^®3££^(bihary-to-time delay generators) £ P^fifjft, 5 

o 

-7ttt*M^tLtV^5MC 1 0 0 E 1 9 6 E C L (x^^o^y^) f 

W£i\, •g-v>^x.tLfi> -^^r ^/v • ^/i^^oft^w^/^^j^s^^pra-efes 

1 5 7 p s .(t°=r#) @S^^r^SMfi. «*©^^-y -«FKIili|E3S^*«:ffl 

v. mmt 

o 

fr#xDmM<kmmv — b**^v—**y (rom) flg^u-tv^vo &*st? 0 



*^iS?¥l 0-5 0 8 7 2 5 



> «*. j k_ % ctMTS 1 5 7 p s -Cfi^<T *h i c 



) fclS«$ix5 0 ^ J (ROM 



m&W-X 0-508725 



asfci ^ , =o/*u—# HHKwawa 5 7vnw* &mtk-r & ^tfrtbztctb 

1. 3 GHz • ^/^T-iliRbfc^frJl^^oVN-C, HM: 

l x*ffiM<Dfitifa% 'y-7 b kmmmox~<Dmfa% */y Hii5 7p S <n^~7 b\%x 

»^bROM7i^=i— KB#P«P^1 4 0 8— ffi^-TS^tC JEUV> 1 5 7 p s 

ROMIi 1 5 7 p s Offj|R]# b<Dtz#><D 1 OC0 8 tTy b^CiUt, 1 5 7 p s 
<D'&n%*S~7 b<Dfc$>(Dm2(D8 \£ -y bm&b Z$ZW.-fZ> 0 1 5 7 p s <D^7 b 

^teROMt*;* e> fc«triR] # b'&fa%mm^7 b&tzVxDs t*s> m^k^is 
ttt-rSi&Kasfca. 2Htsas£isnit£ u-c^n^wiv^ h (^M) ti 5 7 p 

v. 1 2!{S$& 
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L^U #jxif:£|g]l 0<D=3- KBfP^IH^l 0 0 8T^^^tL5^|i^-^>fbLfc 
^ >^im^rl 0 2 6 tf^^/H^i't;^ $ >^jf#2 1 0 

2f±. HI 2 1 <D^n -/^dUclll^Lfc J; KTO»1 0 0 8 

y-* ioo 6— m^-r^o mi^^-t 5 v^t-^i 0 0 4{±^- kb#h3»&i 

=1— KV-^ 1 0 0 6 «T K^^ • 13??^$ 2104^20 

©y — K • ^-^y — • (rom) 2106. 2110^ 
mm?<< 5: ^fi-s§- 1 oo4ii, 7K^-^^y^2i04Wy^y^y 

^•*-)y?2io4it mm^^c ^ 0 0 4cd#/^(-ov^t 1 

5 tf y Mgtf>T K^2 105 ^ffi^i--5o 
T • 2 10 4^P>J&^$*bfer Kl"* 2 10 5 ^i^XPN 

3— FROM 2 10 6 2rT^1r^i-5 0 ROM 2 10 6 fij^©^ v 5 ^ n <D P N 

(ilK7y^Alt : pseudo-random noise) n — Y&VM&TZ> 0 (Z.foUtYK^ 
EE PROM. RAM, ->!7 M^v 5 ^, -tOffe^Of&O^ * y Sfi^ffiT^ 
So ) T Kl/^ • #?>-^ 2 10 4^bttS^/^tbfc#T KU* 2 10 5iiROM 
2 10 6tf)fEfgn^— ^ 3 ^^rT^ir^U. ROMIirWuJgf UTPNa- K 
2 108 (15lfyhPN3-K^aSU^ SrW^5 0 P 

BMikT — *^ WftROM2 1 1 0T7 RTflBfcn*— >i-fait 

£tL3o WBikf—ZYZ^ WkROM2 1 1 0©7K^A^©7Kl^^ ( 
1 6 \?y hT F^) ©M^i 9 T^ir^£;fr3 0 *$&m<D&mM1&ffl 
i^Xtlit. 1 6 bT KU^MU 0tJ*.tfPN=» — KROM2 1 0 6 75^tU^7$ 
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ft%> 1 5 try hPN = -K2 1 0 8 t, if$gy — ^ 10 1 8;&»kH#fc$;h,fc i tr 
y h • X^^/V • X — ^ • y — (il0©1 0 2 4 td^M 2 10 71? 

, *ig«B*"t?^w tfci 5 i-s -^y^-Y y ns^n/aew* 1022 sM^ui-rs 
t7>tyr^iT'#5 0 WtyrM/'Wio2 2ii 

, «ROM2 HO^lbTyh- t^^/V • 7*— (Hi2 1 0 9#f$ 

^4Wj7Ki/^ (r©Mi6if<7b) o|^|^fS^#UT, KSmik 

ROM 2 110 4 ^ ^^flT#2 112 (01 2©1 2 0 6 feet 

ii 3©i 3 0 2(«ltv^) &mt>-rz> 0 i«I^-f$y^M2 1 

1 2«8 try mbj5*3*u<^ 1008 (sp*>'W v-y -b^rb 
iii£»*#) ~-$§#t£*i5 0 =«— \ f mm3m& ioosii mmt^mm ^ > 
w 2 1 1 2%$imvxmn?4 k >?m-%-i o o 4&mmmmzit. ^tcm 

«ROM2 110IJ, PN=t— KROM2 10 6 tl1t.1%fgli&m 

MiEu< mm\rt%fcmz.mmk7~9*u'&irz>o «rom2 i 1 o — 

It^tl^^l 5 \fy MK7^n3 - K2 1 0 8ft, «ROM2 110 

^m&fi^mztizy*^?/^ ♦ f-^fy b 2 i o 7 (Dmm^m\^®.m&iriz>y s 

Wlfl^lWai3aE'Sr**?UTV>5 0 ^O^lfefa-CW:. 2©15H (2 3, 7 6 8) <@ 

1212 2l4iH^{|;ROM2 110 Sr^i-fiHIBE|-e$)5„ 12)2 2©p^- is a > 2 

2 0 2^:2 2 04(4, ^iSfiT K^ifi^T K^tT KU^^ixS»0<b 
ROM2 1 1 Ort^OfEf o^v/ 3 y^^tL-CV^5o ^(DMXte. #^tf>fE 
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OM2 110rt»tK«^fc^ tt< 2o©^ 4 > a >2 2 0 

2 ^^>^2 2 04 ©T*-*^* h^Z a M 1 <D?/U-*<D7 

>-2 2 0 4) fcEtt$^TV>S«l^5*'-^|4 N f^.^. y ^ 21 
0 7^»l«0©l*fcftffl$ft 5 |i W ^^^ UTV , 5e 0 ^ RQM 

m**tef-9&zfxi ^ 2 2 0 2KJ^D ^2 2 0 4*^***1, 

i3MjROM2 1 1 5fi©7K^A^W^5 1 5^ ho 

PN=.~ K2 108ft »llfcn^ S >2 2 0 2£fctt2 2 0 4^, f> 
*f & ^©ROMn^v 3 >WftROM 2110« 

*fe***lt«■C^42»©ROMOiKWt« r |iI3»u T v^ 5o T • 

2 104W-OP N n^K/iiftROM-7K^^a tot5o ( 

T£><5 0 12 3 m PN^ K »ftEPR0M2 3 0 2O^t^ 
3 0 4 lrW5 0 P N ^ K©«/BH: = ~ K *-f ^2 3 0 6^ 
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#lfet5r k&T*£So a-K^^yf 2 3 0 614, ffif^^yf, ^3^$IJ^J 

m 2 3 ^gl^UfcJ; 5 tfl^-^l 0 0 2^ffiVNT, 0 2 1 ir<DMiS"e 

, iFf|^^SVC0 2 3 0 8 t/n^7-7//V^2 3 1 OiaoT^I^ 
*l*«fc 5 (-IEl^bTfe5o VC02 3 0 8 t^ulfy^-?/Vftm%s2 3 1 OT'H 

HI 2 3fcL0^Ufc5£JfcMK:«fc;h/f^ XtisffD*?— h • ^ny^ 2 

3 12, # ?>"^tf>;*> h 5/7" • • Zfn 5/^2 3 14. :fccfcrj?# >> is? (D V 

$ 5, h • n^y^i/— ^ . ^ n ,^2 3 1 6 25^**1/0^0 XV^fV)*?— V 
• •7n^^2 3 1 2lt T ^U^±^2 1 0 4^g3MT K^^t 

— v? • :/n -/^2 3 1 4f4^f>^^<7?y 5 y h • aJ^W*-* • y 'n y ^ 2 3 1 
6^TK^ (^tlt) 1 5 \fy h^iH£LV^) &W&lsXW±T FUX&mt>1r 
„ *9>#<DV ^ 5/ h • a^l— * • :/o y ^ 2 3 1 6 T K^;*3&£#2 
10 4 -C^J^UTcT 13?7^Z(D^ Y - v? • y ^ 2 3 1 4 

iZtto X&^ftDV $y h - ^>s<U—$ • -fxiyt; 2 3 1 6iin- Kfll # 2 3 
1 7«r£fifcU -^f)©T Kl^^Oit^^#U< ^oTcBf^n- Kff-^-2 3 1 7 
£X KWX^2 1 0 4^f5, o — Kfll#2 3 1 7^|fTOtt, 
T K^^H±^2 104^ytyf H Vl/?<D*? — V • • :/n -/ 

^231 2T*Jg^$^7cl 5 h7F>^T^fc*!>yf^i^t6o — 

E PROM 2 3 0 6lt # £>^0>;** — h • i? h V 1/ ? <D h • ^ 
fux&LfCct 5 t-. PN^ — K t MM4k E P R OM 2 3 0 2 <D#l^^*^rfflV^T 
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8 hTy 3 0 4£&/£U iMn- K^nXMUl 00 8t 

^i--<#^rfliS^*^*^i- 0 3- KB#r B m«i oo8it mm ^4 ^ yy 
fitioo4 £^T^>ftiim{f -^-2 304 ^^r^B^pi-^, 0 h*mm 

4t?4 ^ yyw§-2 i o 2 &mt)-tz> 0 

m 2 3 ^m^u/cn^n FM-y-y>-r y r^fi3§2 3 1 8 h^A^X^^ 0 

V TWM%s2 3 1 8teIE3»ff-^2 3 2 0^t5 o jE^mt^ 
2 3 2 0fi N #P»^2 3 2 2X^<— K • 7 s ** • y— * 2 344^b 
#fc&S£;ft/c^— K • y £ 4i>r\%%2 3 4 2 t^JP^$^6 0 ^^^F 
♦ • y-xfiffi#y-^ 10 1 8(D-^lT-fe5^i^a^^HfcV^ 0 

M3!2 3 2 2H HI 0 icDM^-eftf3z&bfe(D^^|^(D^-&-e N -y-y3r-V y 
T^P^^p^l 0 16 ;6M£J3i-5^p#^f-^2 3 2 4 ^tU^So -< • 
^^^'ff^^m^-Ufc^. «7C^^fcE^ffi-^2 3 2 Ote^y^/l^ • 7^ 

^{f^-cfijwt \^x®.mx% 5o 9 . 023 ^gj^ufc-r y^vi^ • 
v i?yfmit%$<DM1feM\i, ¥-o^y/^ • ^i^a^f ^3o<Dsu*<^t^f#£• 
^2 10 7. Mfft2 3 2 0, *5<fctF-<— J^^y K • A ^ 
2 3 4 2 ^r-a-tfc 

rtLj^M^ B2 3©yoy^2 344li, m 1 0 i: OMjS^h!)^ Lfc=fc 5 & 
f-y^-r y T^^/^PSl 0 2 2tIIM^, ^Tc^yn 5/ y 1 0 1 8 t 

2318^017 1 (Dmmxw-m^tzx ? te-v-?*^ y T^^/mm^i 7 0 

2 N 1 7 0 4, 1 7 O60lot*StM5^im5. 

£ b^m<DmmM\z xni-f, tKf^^^ftft^^ ^ y^ftt 2 1 0 2nm 

Mi 0 2 8--iliAAT^5 o rcD^Wd-efi, ^^^^^P-W^k&mft 
v. 2 gfi# 

^^/^ • 7^t»©$ 6>J&5^16W*SBI2 4^m^LTfc6 0 «f 
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• 9^^m^(D^<Dmmmn. mi 4 t<Dm^xm^vt^it^t^< <d 

y T - 7*=i — -jfl 4 2 4, B-/^7-fA/^ 1 4 2 8. iift"5JfgB#M-<— ^ 

1414. 5 ^-^ff^/m^-y-* 2 4 0 2. «-^>-^^^^- • 

*Hife^l^=ktb(i, fiifft (1 4 0 4) f*-r^^/p^ • 7^gifryft 

1 4 0 2T^{f £*L. T>T-m^m\^tz.m^l 4 0 6 £RFit*§3§2 4 0 8 — 
^-To RFifi|Jg^2 4 0 8fig{f Ufc^f^-^liil'IUtiSffi^l 4 0 8 ^mi~o 

fBSfSM^ 1 4 0 8 te. 2 4 10, bV tf\^tc.mm$L$s 2412. *i 

*S^2 4 14. mfr%&2 4 16. fy^*5J:t;*-/VK • =^~y b 2 4 1 8. 
SjSE^-=y h 2 4 2 0Sr^tpr^^-et§ o 4 1 0 ttJU^^E— Kt?«jf^ 

-TSOMilLfc^V/l^^ =¥17— (double balanced mixer) TfeSo fH^3s 2 
4 10liF y ^fb^:ft^3S*«2 4 1 2 bfc^ VT* 1/- 4 2 2 £ 

£te Lfc{&*«ri»^ttfcJ|*JM-3o ft*«2 4 1 0 ©lift 2 4 1 5tt*tNB#2 
4 14^j/7 7^tir^^M2 4 1 6T?l*W«J»-a^*ix5o 

^/-y--r^/v (fiP*>l 5 7 p s) Oil's fc«©U*ll^M^-jr— ^"CJCS^ 

i-5©fcjai-« «fc l&n—'*X7 4A'*-V*>Zo M2 4 16I1 ff-f§-2 
4 1 7©lf-^'tt^*-^ Kt5fy7 P /l'*J ( tU t *-^ K • =>-~y h 2 4 1 8 — 
If -^-2 4 17 S:tti7J"t-*o 

Sla-y h 2 4 2 OftlJ-^/KioJ;!^ — /VK • y h 2 4 1 8CDEUV^ 
h V 3f(Dtc£><D^-=.y h-e&So iS2£^-— :v h 2 4 2 0 K =t VmW-3&2 41013 

Wc^T. h 2 4 2 Oft, M2 4 16t'MUfct°-^i©t 

>f >^/w* • 9^Sflr«©-©HlfiWfcJ:ntf, = — Kf&# l 4 2 o fi. 
0 2 1 k<DM&^1ftft\'1ZLWMy ! &* J 5 l o 2©«i: 



(60) 10-508725 

fcfctt 5 ;/n y 9 2 4 o 2<D&j:mm&n. =f*/?;v- y—x&PN=i — 

7 s — 1 ' K • ?4 5. ^^M3§/^=i— K • ^> 2 4 0 2fi^^-^y -b^® 
4 2 PN3^Kfe,tt;«ROM2 4 2 6, fei^TK^- 
7J <7 :fc <fc y V7 h • n v? 5/ ^ -^Py^24 2 8 ^tfo ^ ^ — h • T K 
W^*5«fc^^ b y y • T K^flTftt, #*l&2 4 3 0 ^ 2 4 3 2gftW ^ 

-^ 2 4 2 8^#t#&$*L5„ T KW*tt* 2 4 3 4^&T'T K U^. - 
?*8&TfV o^y^ • ^b y^ 2 4 2 8 ^bj±S^7$tl5 0 T • 7J 

>7^joJ;^y v^f-P^y^-^ny^ 24 2 8it US rTIB^^^<— ^ 1 
4 14 tJ:oT«tt$ix5«»i^^ ^ ^^t#i 4 1 6 -eh y ^i--5B#(C PN 

=1— K*3«fctfi8&g'ffcROM2 4 2 6 I'7^t7f5fc*©7 K l'* 5 „ 
fi % ^24 3 6gSfPNn-KfcJ;t;«ROM2 4 2 6^?)|li 

^^tt-c^-r^y -B£ra3!*£$s£«2 4 2 4— #t*$£;ft,5 0 /vty -b#Wj§s 

3££2ff2 4 2 4 ttjU^^-T 5 l/tfm^l 4 16 (f§g"5JtgBfffi3-<— * 14 14^ 
bSffi-TS) Sr«iLtf^- Kfl^-1 4 2 0^^t5 o 

-O^JfeWcfcV^T, HftRTtM^r^^— X 14 14ft Zfvjf=7^zf;l'ftm$& 
24 3 8 t, W£.Wfa&t&m& (VCO) 2 4 4 0 nmM*<4 ? 

4 1 6 ^ffl^-rSfcfe^ffl^tbSo *J±$iJifst(i, §24 4 21 
^ n^ s nir^-y-2 4 0 6 VCO 2 4 4 0^&*&£;h/t\ Ma*&fl?<D 

ro^Jfe^il-efi, -y-^>^r y T^M^l 4 2 4fi, /^K^7>f;^244 
4, 7i-X - B*/^ K-/W/244 6, Joit;n-/^-7^/l/^2 44 8 
Sr-eTtPo — X • n y ? K • A— ^2 4 4 6 -?HfT<**x38ltBtt\- il 8©^ 
f©7x-X- nj/^ K-^-7° (2 0 0 4) -eH^£ *L5^f£ £ mffiX*3b 5 C 
-^^-a-. K^7^/^ 2 4 4 4 fi7^/W^ Lfclf-^2 4 4 5 ^7^ — X 

•By^K- /V— 7° 2 4 4 6^ffi7Ji-S 0 731— X • n y ? K • /V— ^2 4 4 6 
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tt, £ <bt-E'J<£>n — 2 4 4 9^ST*lRltS^S'Kf -§-2 4 4 7 £-^-f ^ 

pyntyf2 4 0 6^t5, iffifaff 2 4 4 7fi, -vj ? uzfu-K y 
•^2 4 0 7lc^ttt^t y rwSBW^SISrflW&U -r^T ^ n^n-feyif- 2 
4 0 6 tiff 5/^CD B B pW^f¥'ffiT*#5o 7^ — X* oyn*' /V— ^ 2 4 4 6 
(Dmmtti£)it-%r2 4 5 OliP-/^ • 7 4 2 4 4 8X7^/1-? £*K :<D7 

W2 4<D'V'Zf*V V 7I»1 4 2 4 05t£#ft&«tei:»fm, Hi 4 £<Z>M 

&liL:fcl^Tt&&L;fc<D£||RfttellC^&3o ym^—7°\ 4 2 9 fig] 1 4 £<D 

Mtemffl-<~-*(DmfrffoW (integral submultiple) £ tc ttNflHJ^— * 
(integer multiple) £ 4g Ul^Stl&^T^v^/Mf $l£r^;7 h^So wtUditK 

^HJteM^*3V^T, ftlfil-^^^i^^ — • f^ — ¥2 4 0 4 fi^V K^7^ 
;V9 2 4 5 0*5j;t5TT-n ^ • -^i/^^*?— • =t^~?2 4 5 2 £r^tf 0 

hV^^-r/V'^ 2 4 5 OtefSSfilW^l 4 0 8frbs<— Kit # 1 4 2 25r 
SfltSo. 7 4 ^2 Life"*— -X'O' Kft#2 4 5 4l47tn^ • — 

• 73-^2 4 5 2— #t*££*L5 0 7fn^ • -^V^;*^- • 7* = — ^2 4 5 

( t ) ^lJE©7"n y h £ LTl^LTfcSo £ £>&5I3 2 5 I 2 5 L 

H2 5E36>e>H2 5HKl»JCS-t-SJSiaS[»3kt«B (Ptfcttl ogP) ©T'nyb 
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VI. W&-*r^su*9SM 

t*-* • y-*asi&3« r i j ^fcfi^afli roj ©sv^^u^^-rs^ 
©-c\ r©ct5& rij__$fcH: roj ©^;£^j<D{gjim^*/i^-ten-^ 

X • ? 4 ,Y# 1 4 2 8 iZ.m.tl, ^9— • /w-T'l 4 2 9 ^{ifg^ 7 -£*HAi-<5 
(xor) £*L5«fc5fc£W:fr3C$rg'tf„ -Y^^/v;* • • ^rAtvy 

K (2 4 18) *»e>©«jEt4|Rl»l2X^n5r^-e3EW$^ n w?* . 7 -r /l^ 

"^^*^^-*iia#f±, y^y*-^y~t?n (NRZ : non-return-to-ze 
ro) TVfMt^ZV Z — l/y—Hu (RZ : return-to-zero) flHt-^SEifeLT 
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/Kac^a — ?\ M^.W.^y h^ff^^ ~ ^ (frequency shift keying encoder) 
, Nflfitl^M^^ — ^ (#JxJ2\ 4 *g m&^m (QP SK : quadrature 
phase shift keying) £fcf3<i*l$gi|>g^fi^^ = *fcfS, BSiSMfGDMl 

fifll&tf, PNn- K*5ctt5H?^{bE PROM2 3 0 2 £T K l^i"-*) 

9>V • ^— ^ • ^ h y — A^— ^}d^^2 6 0 2T*^L-C&6 0 • 7 

*s*mm&"ens 7*-?nmz2 6 o 4-e^u-c*>5^-^«-^oji^^^ 

2 6 0 2 ^26 0 4 ©*|HlW«ftaflJ©*S*tt— 2 6 0 6t?0*Ltife5 
, ftv^l *fettO©^J(run)fcB83tU^WHSra!|»-t-S. 

„ ^i/ hV-?^^>r/V^ 2 4 5 0 Sriijg-TSo /^K^7^/^ 2 4 5 OCffl^j 
2 4 5 4ii2 7 0 2-e-^lvl[§l^brfeSA^W^W^^bTVN§ 0 

7>fH $tl/fc^<— Kf9#2 4 5 4 liT^-n (S^UTWiV^ 
) Of&l OA^ifef&^So 7t o »jS©» 2 ©A^liiffl Lfc 2 x ^ o 

v9\t% (2704) sr^frrSo T^o^*iHSH:>r w-?/^ • 7i?*mism 
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mz. J: 5 -«m ®^ IT £> § J: 5 KM Jfc« l^/V £ Jfc# $ ^ ifc^X - * -ft 
-§■2 7 1 0tfS^e>*L5„ 7 1 Ofi^-** hn- 7 M (« 

2 7 1 2-e-$^|^£ixTV^) ©St^Jtj&S!) LT. 7>f/P* (f-^ 

•e*-/UKS^ M^2 7 1 4-C- jRfcH^$*XTV*3«7C7 f -*2 4 6 5^ 

VII. B^ft^ 

m^<D rn^j sr^r^uii^s^sasfca. m 2 8^ 

* • 7^I^B^^#tSf;ft|;||r^5i^ WP5/r 

*^y^2 8 0 2 ^ 2 8 0 4T?**L^llS%UfcJ: 5 fc, SfeflMg^S-ft*^*^ 
^n^n-feyi^ 4 0 6liVCO2 4 4 O^TX^MU 
UT^2 8 0 6T'i*LTfc5) % ^ry^2 8 0 8|Cg|^tTib5J:5fc 

^^ynt y t2 4 0 6iW|^i 40 8^©iJi 
^ 1 4 2 8ft^SflTt5) Srf5?**fcU *^*:/2 8 0 8fc:H*Ufc.fc5 

ZtlSkfiUZLti^ ny nt 2 4 0 6 fltT^tlSf^^/Wlilt 
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f^xfi — • ^=1 — ^2 4 0 4 irl^^-Y P T«l 4 2 4 HJ;5f-^©t 
viii. Hia:#-C*ottlg 

(W^n!7yH 0^^tltS^^^"i-5o WMttt6 7 5MHzt2 5 

-eaiJ^U^f# (Xo 5/ h 2 9 0 2#J80 , >&e>t5K:«iafll# (Xn y V 2 9 0 

*3fe-f % tfcl. 3GHz/2mpps7 e ob^^^3 3/iW©?^ffiM^ 
-T?{£ffl£tbfc 0 9 0 OMH z CD-rCT^fcS*^!^^ ^ 2 9 0 6 2 O <£> -fe /V 
7*ySitl^f,©t)©t% 1 Of*^34 0 0 — h/KD££fit N t 9 1 Oll^J 1 . 
6 drn^— h/KOggBtJd&S,, 3 6 OMH zM2 OMH z <Dffl<DXs<4 ? 2 9 

<D&effi\ZfoZ>T 7 s^M/^W/W 2 . 2*13?? hE I RPft^5 4 
rHf^-C*)S, ('f i^/l^tf)*^ h/V$J^fH<£ r^rajtfaj MtftScK^ 

yov^f/^oResrKiBtttv^. sat t^-t-stshw-s ;^-cnu l 

-f W^/V* • 7> ? ^-(D'|4|gfi2o0^^^oV^T 1. 3GHz/2mpps(D 



< 66 > 10-508725 

1) -9. 6 d B i M7yft|r6 cm/^fHI^3 6 d BOilltttl 
^Sriit) 10dB i^7yft-l 2 5k b p s • h • * h 

2) ^C^^^Dn^> 3 y-e, ^M/-h*7. SkbpsjTJ 

*Jpe**9*y l"y<Dfal£*m^Xn&QMft<Dl. 3GHz/2mpp 
<f [^(simplex link)tf>t£fg£rjlij£-ct 5 C 0 3Ott, lOO^W?^ (- 
lOdBm), lOdBi gft7>ft (&J9 0° fc-A) N 2 d B i 
7^ (iJl^^^^t/^-y) , S/NJ£19. 5dB (BER^IO 

<v-6m) , v--;y6dB^€tT, gft^Wfgii try h • y<d 
M^cTSteL^c h I/- K^-7Sr^-rftjH3 0 0 2 £^-T 0 

^—^fnJ^-^^^^-a-ft: (single story office complex) fdfc 
IX. Jjinlra 

H«tu3zS Lfc^Wilm^ti^fc: «fc o xmm § *v-5-<# -cw:^ < % ^(Dff ^ 
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2. J | Claims Nos.r 

because they rdate lo parts of the international application that do not comply with the prescribed requirement* to such 
ao extent that no meaningful international search can be carried out, specifically: 



3. ClaimJ Noa.: 

because they arc oependcnl claims and art: not drafted in accordance with the second and third sentences of Rule 
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BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains claims directed to more than one species of the genetic invention. These species aie deemed 
to lack Unity of Invention because they are not so linked as to form a single invention concept under PCT Rule 13. 1. 
In order for more ihan one species to be examined, the appropriate additional examination fees must be paid. The 
species are as follows: 

Croup L Claims 1-48 and 57-85 drawn to an impulse radio transmitter for transmitting impulse radio signal. 
Group II. Claims 49-55,86-90. and 92 drawn to an impulse radio receiver for receiving decoded signal to generate 
demodulated information signal. 

Group in. Claims 56 and 91-92 drawn to an impulse radio system for transmitting impulse radio signal and for 
receiving decoded signal to generate demodulated information signal. 

Group I and Group III arc linked together by the impulse radio trarismiOcr. 
Group U and Group HI are linked together by the impulse radio receiver. 

Group ! and Group II are not so linked as to form one inventive concept because they are directed to the impulse radio 
transmitter and the impulse radio receiver, respectively. 

Group I comprises claims directed to different species which do not share the tame special technics! features. 
Namely: Group 1(a): claims 1 .4*23/1 (apparatus claims) and claims 57, 60-70/57 (method claims) arc directed to a 
timrumitter as shown in Fig. 10 and having a special technic* 1 feature of a time modulator for time modulating a 
periodic timing signal using a code signal in the transmitter. 

Group 1(b): claims 2.4-12/2. 16- 18/2 .22-23 f2 {apparatus claims) and claims 58,60-62/58 (method claims) are directed to 

a transmitter as shown in Fig. 1 1 and having a special technical feature of a time modulator for time modulating & 

subcarrier modulated lime signal using a code signal and a modulated sab carrier signal in the transmitter. 

Group 1(c): claims 3. 1 6-1 8/3 .22-23/3 (apparatus claims) and claim 59 (method claim) are directed to a transmitter as 

shown in Fig. 12 and having a special technical feature of a time modulator for time modulating a periodic timing 

signal using a summation of a code signal and a modulated itibcarrier time signal in the transmitter. 

Group 1(d): claims 24,25-30/24.31 32-38/3 1^9, 40-46/39 ,47>48/47 (apparatus claims) and claims 71.72-75/71 ,79,80- 

83/79,84.85/84 (method claims) are directed to a transmitter as shown in Fig. 21 and Fig. 23 and having a special 

technical feature of a direct digital modulator for direct digital modulating a periodic timing signal using an mformatioa 

signal and a subcarrier time modulating signal in the transmitter. 

Group U comprises claims directed to different species which do not share the same special technical features. 
Namely:Group 11(a): claims 49,50-54749 (apparatus claims) and claims 86,87-89/86,92/86,90 (rnethod claims) are 
directed lo a receiver as shown in Fig. 14 and having a special technical feature of a cross correlator for cross 
correlating a received impulse radio signal with a decoded modulation signal lo output a baseband signal and s low pass 
fitter for low pass filtering the baseband signal to output an error signal in the receiver. 

Group 1Kb): claim 55 (apparatus claim) is directed to a receiver as shown in Fig. 18 and having a special technical 
feature of a cross correlator includes a plurality of phase look loops (not required m Group 11(a)), responsive to a 
plurality of band pass filters (only a single low pass filter is required in Group 11(a)) in the receiver. 

"**Thc main invention includes claims 1,4-23/1 {apparatus claims) and claims 57,60-70/57 (method claims) in Group 
1(a) and claim 56 (apparatus claim) and claims 91.92/91 (method claims) in Group III. 

*** Applicant may elect to pay the following Groups and claims which arc not directed to the same invention in Group 
1(a) and group Ill- 
Group A: 1(b) claims 2.4-1 2/2 ,16-1 8/2.22-23/2 (apparatus claims) and claims 58,60-62/58 (method claims). 
Group B: 1(C) claims 3, 16-1673,22-23/3 (apparatus claims) and claim 59 (method claim). Group C: 1(d) claims 24,25- 
30/24. 3 1.3 2-3 ft/31 .39.40-46739.47.48/47 (apparatus claims) and chum* 71,72-78/71,79,80-83/79.84,85/84 (method 
claims).GraupD:ll(a)claims 49.50-54/49 (apparatus claims) and claims 86,87-89/86.92/86,90 (method claims). 
Group £: 11(b) claim 55 (apparatus claim). 
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